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1.
Method for producing polymeric, ionic imidazolium compounds

Description

The invention relales {o a process for preparing polymeric, jonic compounds compris-
ing imidazolium groups (polymeric, ionic imidazolium compounds for short), wherein

- an a-dicarbonyl compound,

- an aldehyde,

- at least one amino compound having at least fwo primary amino groups,

- if appropriate an amino compound having only one primary amino group and a
- protic acid,

where the carbonyl groups of the a-dicarbonyl compound and of the aldehyde may, if
appropriate, also be present as hemiacetal, acetal or hemiketal or ketal,

are reacted with one another.

Imidazolium salts are of importance as ionic liquids. Various processes for synthesizing
imidazolium salts have therefore been developed.

WO 91/14678 describes a single-stage process for preparing imidazolium salts from an
a-dicarbonyl compound, an aldehyde, an amine and an acid. Water is removed by
azeofropic distillation using toluene as entrainer.

A further development of the above process is known from the as yet unpublished
PCT/EP/2008/067014 (PF 60394).

Polymeric imidazolium compounds and processes for preparing them are already
known. Thus, for example, WO 99/37276 describes polymeric imidazolium compounds
which can be obfained by reaction of diamines, in particular compounds having two
imidazole groups, with dibromo compounds. The cationic imidazolium polymers ob-
tained have bromide anions as counterion. Halide anions are undesirable for many
applications since they are corrosive. They are used in cosmetic compositions. Corre-
sponding compounds and their use as phase transfer catalysts are also known from
Journal of Fluorine Chemistry 128 (2007), pages 608 to 611.

Another process is described in European Polymer Journal 44 (2008) 392-407. Digly-
cidyi ether and imidazole are reacted to form polymeric imidazolium compounds having
hydroxy groups in the main polymer chain. These are esterified with acrylic acid, so
that the polymer obtained is free-radically crosslinkable. The crosslink polymer is suit-
able, for example, for ion chromatography or other separation processes.
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JP 2004217565 and Hiedo Toda, Kunio Kihara, Munehiro Hashimoto and Susumu
Mizogami, Joumal of Phammaceutical Sciences, Vol.77, No. 6, June 1988, discloses the
reaction of imidazole derivatives with epichlorohydrin to give polymeric imidazolium
compounds and their use as ion-exchange resin. The reaction with epichlorohydrin or
other epoxy compounds necessarily give compounds having a hydroxy group in the R
position relative to the nitrogen atom of the imidazole ring.

It was an object of the present invention to discover alternative polymeric imidazalium
compounds and an alternative process for préparing polymeric imiazolium compaounds.
The process should be able to be carried out very simply in indusiry and make it possi-
ble to prepare polymeric imidazolium compounds in high vields. The polymeric imida-
zolium compounds should be suitable for a large number of applications which come
into consideration for such ionic systems. In particular, they should be able to be used
as dispersants, e.g. for inorganic or organic pigments or other solid or liquid particles.

We have accordingly found the process defined at the outset. We have also found
novel polymeric, ionic imidazolium compounds and uses for these compounds.

The starting compounds for the preparative process

According to the invention, an o-dicarbonyl compound, an aldehyde, at least one

amino compound having at least two primary amino groups and a protic acid as essen- -
fial starting materials are reacted with one another. The above compounds are defined
by their content of functional groups. For the purposes of the present invention, it is

also possible, for example, for two of the above compounds to be identical when, for
example, a compound comprises both an acid function and, for example, two primary
amino groups or an aldehyde group. The reaction is a polycondensation. In a polycon-
densation, polymerization occurs with elimination of a low molecular weight compound
such as water or alcohol. ’

In the present case, water is eliminated. When the carbonyl groups of the a-dicarbonyl
compound are present completely or parily as ketal and/or the aldehyde group of the
aldehyde is present as acetal or hemiacetal, an alcoho! is correspondingly eliminated
instead of water.

The o-dicarbonyl compound

The o, -dicarbonyl compound is preferably a compound of the formula |
R1-CO-CO-R2,

where R1 and R2 are each, independently of one another, an H atom or an organic
radical having from 1 to 20 carbon atoms. The radicals can be branched or unbranched
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or comptise functional groups which can, for example, contribute to further crosslinking
of the polymeric imidazolium compound. In particular, R1 and R2 are hydrocarbon -
radicals having the indicated number of carbon atoms.

The compound is particularly preferably glyoxal.
The carbonyl groups of the o -dicarbonyl compound can also be present as ketal or
hemiketal, preferably as hgmiketal or ketal of a lower alcohol, e.g. a C1-C10-alkanol. In

this case, the alcohol is eliminafed in the later condensation reaction.

The carbony! groups of the o -dicarbonyl compound are preferably not present as
hemiketal or ketal.

The aldehyde

For the purposes of the present invention, an aldehyde is a compound having at least
one aldehyde group. The aldehyde is in particular an aldehyde of the formula |1

R3"CHO:

where R3 is an H atom or an organic radical having from 1 to 20 carbon atoms. Par-
ficular preference is given to formaldehyde; the formaldehyde can alsc be used in the
form of compounds which liberate formaldehyde, e.g. paraformaldehyde or trioxane.
The aldehyde group of the aldehyde can also be present as hemiacetal or acetal, pref-
erably as hemiacetal or acetal of a lower alcohal, e.g. a C1-C10-alkanol. In this case,
the alcohol is eliminated in the later condensation reaction.
The aldehyde group is preferably not present as hemiacetal or acetal,
The amino compound having at least two primary amino groups
The amino compound is a compound having at least two primary amino groups.
The amino compound can be represented by the general formula Il

(NH2-)n R4
where n is an integer greater than or equal to 2 and indicates the number of amino
groups. n can assume very large values, e.g. n can be an integer from 2 fo 10 000, in

particular from 2 to 5000. Very high values of n are present, for example, when poly-
amines such as polyvinylamine are used.
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When compounds having n = 2 (diamines) are used in the reaction according to the
invention, linear, polymeric imidazolium compounds are formed, while in the case of
amines having more than two primary amino groups, branched polymers are formed.

In a preferred embediment, n is an Integer from 2 to 6, in particular from 2 to 4. Very
particular preference is given to n = 2 (diamine) or n = 3 (triamine). Very particular
prefereqce isgiventon=2.

R4 is any n-valent organic radical. The n-valent organic radical can be the radical of a
polymer, e.g. a polyvinylamine as mentioned above, and then has a correspondingly
high molecular weight.

The organic radical can comprise not only carbon and hydrogen but also heteroatoms
such as oxygen, nitrogen, sulfur or halogens, e.g. in the form of functional groups such
as hydroxyl groups, ether groups, ester groups, amide groups, aromatic heterocycles,
keto groups, aldehyde groups, primary or secondary amino groups, imino groups, thio-
ether groups or halide groups.

lonic groups, in particular anionic groups or groups which can be converted into anionic
groups, e.g. carboxylic acid groups or carhoxylate groups, or phosphoric acid groups or
phospheonic acid groups abound via an ester linkage are also possible as further func-
tional groups. In the case of such anionic groups, the amino compound simultaneously
acts as protic acid in the reaction. The concomitant use of a further profic acid can then
be dispensed wiih; the polymeric imidazolium compound obtained is in this case am-
photeric, i.e. it comprises positive and negative charges in the same molecule. An ex-
ample of an amino compound having two primary amino groups and a carboxyl group
is lysine,

The organic radical can be, in particular, a hydrocarbon radical which can be substi-
tuted or interrupted by functional groups comprising heteroatoms.

In a preferred embodiment, the amino compound comprises at most ether groups, sec-
ondary or tertiary.amino groups and apart from these no further functional groups.
Mention may be made of, for example, polyether amines.

R4 is therefore preferably a pure hydrocarbon radical or a hydrocarbon radical inter-
rupted or substituted by ether groups, secondary amino groups or tertiary amino
groups. In a particular embodiment, R4 is a pure hydrocarbon radical and does not
comprise any functional groups.

The hydrocarbon radical can be aliphatic or aromatic or comprise both aromatic and
aliphatic groups.
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Possible amino compounds are amino compounds, preferably diamines, in which the
primary amino groups are bound fo an aliphatic hydrocarbon radical, preferably an ali-
phatic hydrocarbon radical having from 2 to 50 carbon atoms, particularly preferably
from 3 to 40 carbon atoms.

Further possible amino compounds are amino compounds, preferably diamines, in
which the primary amino groups are bound directly to an aromatic ring system, e.g. a
phenylene or naphthylene group, or amino compounds in which the primary amino
groups are bound {o aliphatic groups as alkyl substituents of an aromatic ring system.

Diamines which may be mentioned are, in particutar, C2-C20-alkylenediamines such
as 1,4-butylenediamine or 1,6-hexylenediamine.

Possible triamines are, for example, aliphatic compounds of the formula 1V

5 7
H,N—RE—N—R™NH,
Rﬁ

where R5, R6 and R7 are each, independently of one ancther, a C1-C10 alkylene
group, particularly preferably a C2-C6-alkylene group.

In the simplest case, the radicals R5, R6 and R7 have the same meaning; an example
which may be mentioned is triaminoethytamine (R5=R6=R7= ethylene).

Mention may also be made of compounds having the following structures:

NH,

NH,
NH,

NH,

HN NH,



10

15

20

25

30

35

40

PF 61619

6
ltis also possible to use, in particular, mixtures of amino compounds in the process of
the invention. In this way, polymeric imidazolium compounds which comprise different
molecular groups between the imidazole rings are obtained. The use of such mixtures
makes it possible to set desired properties such as glass transition temperature or elas-
ticity and hardness in a targeted way. Likewise, the solubility in solvents such as water
or organic solvents, the tendency fo form supramolecular sfructures and the affinity to
other molecules or surfaces can also be set in a targeted manner according {o re-
guirements of the intended use.

As mixtures of amino compounds, it is possible to use, for example, mixtures of various
aliphatic amino compounds or mixiures of vatious aromatic amino compounds and also
mixtures of aliphatic and aromatic amino compounds. The amino compounds in the
mixtures can be amino compounds having different numbers of primary amino groups,
When diamines are used in the process of the invention, linear polymers are obtained.
When amino compounds having three or more primary amino groups are used,
crosslinked and/or branched structures are formed. The use of diamines in admixiure
with amino compounds having more than two primary amino groups, e.g. triamines,
enables the desired degree of crosslinking or degree of branching to be set via the
proportion of triamines.

Amino compounds having a hydroxyl group in the & position relative to one of the pri-
mary amino groups can also be used as amino compounds. In this case, polymeric
imidazolium compounds which have been able to be obtained according fo the prior art
by reaction of imidazole derivatives with epichlorohydrin or other epoxy compounds
(see above) can also be obtained by the process of the invention. However, the use of
such compounds is not absolutely necessary for the purposes of the invention, so that
it can also be dispensed with.

In a prefered embodiment, the amino compound has a molecular weight of less than
10 000 g/mol, particularly preferably less than 5000 g/mol, very particularly preferably
fess than 1000 g/mol, in particular less than 500 g/mol.

Possible diamines and triamines are, in particular, compounds having a molecular
weight of from 60 to 500 g/mol or from 60 to 250 g/moal.

Other starting materials

In the process of the invention, it is possible to use further compounds, e.g. in order to
introduce specific end groups into the polymer or bring about additional crosslinking by
means of further functional groups, to set defined properties or to make further reac-
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tions on the resulting polymer (polymer-analogous reactions) at a later point in time
possible.

Thus, if desired, it is possible to make concomitant use of, for example, compounds
having only one primary amine group in order to influence the molecular weight of the
polymeric imidazolium compounds. The compound having only one primary amino
group feads to chain termination and then forms the end group of the polymer chain
concerned. The higher the proportion of compounds having only one primary amino
group, the lower the melecular weight. Based on 100 mol of amino compounds having
at least two primary amino groups, it is possible, in a preferrerd embodiment, to use, for
example, from 0 to 10 mol of compounds having only one primary group.

The protic acid

The protic acid which is necessarily used can be represented by the formula Y™ (H*)n,
where m is a posifive integer. It can also be a polymeric protic acld, e.9. polyacrylic
acid; in this case, m can assume very high values. As such polymeric protic acids,
mention may be made of, for example, polyacrylic acid, polymethacrylic acid oraco-
polymer of (meth)acyylic acid, maleic acid, fumaric acid or itaconic acid with any other
monomers, e.g. with (methjacrylates, vinyl esters or aromatic monomers such as sty-
rene, or another polymer having a plurality of carboxy! groups.

In a preferred embodiment, m is an integer from 1 to 4, particularly preferably 1 or 2. In

a particular embodiment, mis 1.

The anion Y™ of the protic‘acid forms the counterion to the imidazolium cations of the
polymeric imidazolium compound.

The anion of the protic acid is, for example, selected from:

the group of halides and halogen-comprising anions of the formulae;

F-, Cl, Br, I, BFs, PFe, AlGly, AlCli-, AlsClagr, AlBry, FeCly, BCls, SbFe, AsFs,-ZnCly,
8nCly, CuClzy;

other anions of known protic acids, e.g.

CN-, SCN-, OCN-, NOz, NOg-, N(CN)-;

the group of sulfates, sulfites and sulfonates of the general formulae:

8042, HSOy, 8032, H8Os-, ReOSOyx, ReS05~

the group of carbonates and carbonic esters of the general formulae:

HCOg, COs%, R2COy;

the group of silicates and silicic esters of the general formulae:
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Si0s*, HSIO4*, Ha8I04%, H3SIO«, R28i04%, R2RPSI0,4%, RARIRSIOs, HR2SIO.?,
H2R2Si0s, HR2RYSiOy;
the group of alkylsilane and arylsilane salts of the general formulae:
ReSi0s*, RARPSIO?, RARPRCSIO", RERVReSI0y, RARPROSIO;, RARPSIO42;
the group of carboximides, bis(sulfonyl)imides and sulfonylimides of the general formu-
lae:

O O
i W0
—” __a=0 _ Ao
Ra - Ra S\N— Ra S\N“
Rb——[( Rb'—S/Q RP
T I
O ®) O

the group of methides of the general formula:

SO,Re

| .
C

R-0,87  80,Re

the group of alkoxides and aryloxides of the general formula:

RaO-;

the group of halometalates of the general formula:

IMtHail]s'.:

where M is a metal and Hal is fluorine, chlorine, bromine or iodine, rand t are positive
integers and indicate the stoichiometry of the complex and s is a positive integer and
indicates the charge on the complex; '

the group of sulfides, hydrogenstifides, polysulfides, hydrogenpolysulfides and
thiotates of the general formulae:

82-’ HS', {SV]z.v [HSV]‘: [RaS]‘;

where v is a positive integer from 2 to 10; .

the group of complex metal ions such as Fe(CN)e?*, Fe(CN)s*, MnOa-, Fe(CO)4.

The anion of the protic acid is preferably selected from the groups of

phosphates of the general formulae:

PO4¥, HPQ4Z, HPOy, R2PO42, HR2POg, RaRPPO;

the group of phosphonates and phosphinates of the general formulae:
ReHPO#,R2RIPOy, RERYPO3;

the group of phosphites of the general formulae:

PQOs¥, HPO:?, HoPOs', R2PO3%, R*HPOy,, RaRYPO5;
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the group of phosphonites and phosphinites of the general formulae:
ReRPPQy, REHPOy, RERYPO-, ReHPO
the group of carboxylates of the general formulae:
RaCOO; Re(-CO0Y;
the group of borates of the general formulae:
BOs%, HBOs%, H2BOg, R'RYBOg, REHBOg-, R2BO;%, B(OR3)(ORY)(OR®)(ORY),
B(HSOq), B(RaSOq) ;
the group of boronates of the general formulae:
ReBQ2%, ReRPBO-; and
the group of halogenated hydrocarbons
CFsSOs', (CF3803)2N~ CFaCO2", CC!sCOz’.

In the above formulae, R, Rb, Re and RY are each, independently of one another, non-
acidic hydrogen, C1-Cap-alkyl and aryl-, heteroaryl-, cycloalkyl-, halogen-, hydroxy-,
amino-, carboxy-, formyl-, -O-, -CO-, -CO-0- or —-CO-N<substituted derivatives thereof,
for example methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-methyi-1-propy! (iso-
butyl), 2-methyl-2-propyl (tert-butyl), 1-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-butyl,
3-methyl-1-butyt, 2-methyl-2-butyl, 3-methyl-2-butyl, 2,2-dimethyl-1-propyl, 1-hexyl,
2-hexyl, 3-hexyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-
pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2-methyl-3-pentyl, 3-methyl-3-pentyt,
2,2-dimethyl-1-butyl, 2,3-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl,
2,3-dimethyl-2-butyl, 3,3-dimethyl-2-butyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, fetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecy}, icosyl,
henicosyl, docosy|, tricosyl, tetracosy!, pentacosyl, hexacosyl, heptacosyl, octacosyl,
nonacosyl, triacontyl, phenyimethyl (benzyl), diphenylmethyl, triphenylmethyi,
2-phenylethyl, 3-phenylpropyl, cyclopentyimethyl, 2-cyclopentylethyl, 3-cyclopentyl-
propyl, cyclohexylmethyl, 2-cyclohexylethyl, 3-cyclohexylpropyl, methoxy, ethoxy, for-
myl, acetyl or CqFFatq-a)+(1-t)H2asb Where q £ 30, 0<a< gand b= 0 or 1 {for example CF3,
CaFs, CH2CH2-Ciq-2)Fata-2)+1, CsF13, CaFz, C1oF21, CroF2s);

Cs-Cazcycloalkyl and aryl-, heteroaryl-, cycloalkyl-, halogen-, hydroxy-, amino-, car-
boxy-, formyl-, -O-, -CO- or ~CO-O-substituted derivatives thereof, for example cyclo-
pentyl, 2-methyl-1-cyclopentyl, 3-methyl-1-cyclopentyl, cyclohexyl, 2-methyl-1-
cyclohexyl, 3-methyl-1-cyclohexyl, 4-methyl~1-cyclohexyl or CqFziq.a)-+-0yH2a Where
g<30,02a<gandb=00or1;

C2~Cag-alkenyl and aryl-, heteroaryl-, cycloalkyl-, halogen-, hydroxy-, amino-, carboxy-,
formyl-, -O-, -CO- or -CO-O-substituted derivatives thereof, for example 2-propeny,
3-butenyl, cis-2-butenyl, trans-2-butenyl or Csz(q.'a).(i.o)Hza.,, where (£30,0<a<gand
b=0or1;

Cs-Ciz-cycloalkenyl and aryl-, heteroaryl-, cycloalkyl-, halogen-, hydroxy-, amino-, car-
boxy-, formyl-, -O-, -CO- or -CO-O-substituted derivatives thereof, for example
3-cyclopentenyl, 2-cyclohexenyl, 3-cyclohexenyl, 2,5-cyclohexadienyl or CqFzq-a)-s(-
wHza-3s Where  £30,0<a<gandb=0o0r1;



10

15

20

25

30

35

PF 61619

10
aryl or heteroaryl having from 2 to 30 carbon atoms and alkyl-, aryl~,'heteroaryl~, cyc-
loalkyl-, halogen-, hydroxy-, amino-, carboxy-, formyl-, -O-, -CQO- or -CO-O-sub$titutéd
derivatives thereof, for example phenyl, 2-methylphenyl (2-tolyl), 3-methylhenyl (3-
tolyl), 4-methyiphenyl, 2-ethylphenyl, 3-ethylphenyl, 4-ethylphenyi, 2,3-dimethylphenyl, .
2,4-dimethylphenyl, 2,5-dimeﬂ1ylpheriyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-
dimethyliphenyl, 4-phenylphenyl, 1-naphthyl, 2-naphthyl, 1-pyrrolyt, 2-pyrrolyl, 3-
pyrrolyl, 2-pyridinyl, 3-pyridinyl, 4-pyridinyl or CsFs.9Ha Where 0 <a < 5; or
two radicals form an unsaturated, saturated or aromatic ring which may optionally be
substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen, heteroatoms
and/or heterocycles and may optionally be interrupted by one or more oxygen and/or
sulfur atoms and/or one or more substituted or unsubstituted imino groups.

Particular preference is given to R3, Rb, Re and RY each being, independently of one
another, hydrogen and particularly preferably a G1-C10-alkyl group, preferably a C1-
C4-alkyl group.

Re (see above formula for the polybasic carboxylic acid) is an organic radical to which a
pluraiity of carboxylic acid groups are bound, Corresporidingly, f is an integer of at [east
2. Such polybasic carboxylic acids can be, for example, maleic acid or itaconic acid,
phthalic acid, isophthalic acid or terephthalic acid; other possibilities are polymeric
compounds which can be obtained, for example, by free-radical polymerization of
ethylenically unsaturated compounds using, possibly among others, monomers having
ane or two carboxylic acid groups, e.g. (meth)acrylic acid.

The anion of a profic acid is preferably the anion of a protic acid having a pK, of at
least 1, in particular at least 2 and in a very particularly preferred embodiment at least 4
(measured at 25°C, 1 bar, in water or dimethy! sulfoxide).

The pKs is the negative logarithm to the base 10 of the acid constant, Ka.

The pKa is for this purpose measured at 25°C, 1 bar, either in water or dimethyl sulfox-
ide as solvent, it is therefore sufficient, according to the invention, for an anion to have
the corresponding pK either in water or in direthyl sulfoxide. Dimethyl sulfoxide is
used particularly when the anion is not readily soluble in water. Information on the two
solvents may be found in standard reference works.

The protic acid is therefore preferably not a protic acid of the halogens which have a
pKa of less than 1; in particular, it is not HCI and not HBr and the anion is correspond-
ingly not chioride or bromide.
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Particular preference is given to carboxylic acids, i.e. protic acids of the above carboxy-
lates of the general formulae: h

RaCOO-and Re(-COOY)

As such carboxylic acids or carboxylates, particutar mention may be made of organic
compounds which have from 1 to 20 carbon atoms and comprise one or two carboxy-
late groups, preferably one carboxylate group.

The carboxylic acids or carboxylates can be aliphafic or aromatic compounds, Here,
aromatic compounds are compounds comprising aromatic groups. Particular prefer-
ence is given to aliphatic or aromatic compounds which apart from the oxygen atoms of
the carboxylate group comprise no further heteroatoms or at most comprise one or two
hydroxyl groups, carbonyl groups or-ether groups. Very particular preference is given to
aliphatic or aromatic compounds which comprise no further heteroatoms in addition to
the oxygen atoms of the carboxylate group.

As compounds having two carboxylate groups, mention may be made of, for example,
the anions of phthaliic acid, of isophthalic acid, of C2-C6-dicarboxylic acids, e.g. oxalic
acid, malonic acid, succinic acid, glutaric acid, adipic acid.

As compounds having one carboxylate group, mention may be made of the anions of
aliphatic, aromatic, saturated or unsaturated C1-C20-carboxylic acids, in particular al-
kanecarboxylic acids, alkenecarboxylic acids, alkynecarboxylic acids, alkadienecarbox-
viic acids, alkatrienecarboxylic acids, hydroxycarboxylic acids or ketonecarboxylic acids
or aromatic carboxylic acids such as benzoic acid or phenylacetic acid. Suitable
alkanecarboxylic acids, alkenecarboxylic aclds and alkadienecarboxylic acids are also
known as fatly acids.

As anions Y-, mention may be made of, in particular, the benzoate anion and the ani-
ons of C1-C20-alkanecarboxylic acids, which may optionally be substituted by one or
two hydroxy groups, preferably one hydroxy group. Particular preference given to the
benzoate anion and the anions of C2-C20-alkanecarboxylic acids, in particular the ace-
tate anion and propionate anion, with very particular preference being given to the ace-
tate anion and correspondingly acetic acid as protic acid.

Further preferred protic acids or preferred anions of protic acids are, apart from car-
boxylic acids {carboxylates), also sulfonic acid, phosphoric acid or phosphonic acid,
with the acid groups of the sulfonic acid, phosphoric acid or phosphonic acid being able
to be partially estgriﬁed.
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As phosphoric acid and esters thereof, mention may be made of, in particular, com-
pounds of the formula Vil

HO—}%—OR"
OR'

where R’ and R” are each, independently of one another, hydrogen or a C1-C10-, pref-
erably C1-C4-alkyl group.

As phosphonic acid and esters thereof, mention may be made of, in particular, com-
pounds of the formula VIl

I
HO—P—R"
OR'

where R' and R" are each, independently of one another, hydrogen or a C1-C10-, pref-
erably C1-C4-alkyl group,

Method of carrying out the process

The reaction of the starting compounds is preferably carried out in water, a water-
miscible solvent or mixtures thereof.

Water-miscible solvents are, in particular, profic solvents, preferably aliphatic alcohols
or ethers having not more than 4 carbon atoms, e.g. methanal, ethanol, methyl ethyl
ether, tetrahydrofuran. Suitable protic solvents are miscible with water in any ratio (at
1 bar, 21°C).

The reaction is preferably carried out in water or mixtures of water with the above protic
solvents. The reaction is particularly preferably carried out in water.

The reaction of the starting components can be carried out at, for example, pressures
of from 0.1 to 10 batr, in particular atmospheric pressure, and, for example, at tempera-
tures of from 5 to 100°C, in particular from 5 to 50°C, particularly preferably from 10 to
40°C.

The starting components can be combined in any order.
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The reaction can be carried out batchwise, semicontinuously or continuously, In the
semicontinuous mode of operation, itis possible, for example, for at least one starting
compound {o be initially charged and the other starting components to be metered in.

In the continuous mode of operation, the starting components are combined continu-
ously and the product mixture is discharged continuously. The starting components can
be fed in either individually or as a mixture of ali or part of the starting components. in a
particular embodiment, the amine and the acid are mixed beforehand and fed in as one
stream, while the other components can be fed in either individually or likewise as a
mixture {2nd stream).

In a further particular embodiment, ali starfing components comprising carbonyl groups
(i.e. the o-dicarbonyl compound, the aldehyde and the protic acid of the anion X if the

- latter is a carboxyiate) are mixed beforehand and fed in together as a stream; the re-

maining amino compound Is then fed in separately.
The continuous preparation can be carried out in any reaction vessels, i.e. in a stirred
vessel. It is preferably carried out in a cascade of sfirred vessels, e.g. from 2 to 4

stirred vessels, or in a fube reactor.

The reaction proceeds in principle according to the following reaction equiation,

o O H H
+ o2 wN—Ra—Ne, 4 Qo+ L
HJ\H OH o o
4 [\ 4
LN ® AR
NTONSNT N

H,c—coc®

Here, 1 mol of aldehyde, 2 mol of primary amino groups and 1 mol of acid group (H*) of
the protic acid are required per 1 mol of o~dicarbonyl compound. In the polymer ob-
tained, the imidazolium groups are joined to one another by the diamine.

High molecular weights can be achieved when the compounds are used in the above,
equimolar amounts.

After the polycondensation reaction has been carried out, the polymeric compounds
obtained can precipitate from the solution or remain in solution. Solutions of the poly-
meric ionic imidazolium compounds are preferably abtained.
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The polymeric compounds can also be separated off from the solutions by customary
methods. In the simplest case, the solvent, e.g. water, can be removed by distillation or
by spray drying.

The process of the invention makes it possible to obtain polymeric, ionic imidazolium
compounds.

In a particular embadiment, polymeric, ionic imidazolium compounds can be obtained
by a process according to the invention in which less than 50 mol% of the amino com-
pounds used are compounds having a hydroxyl group in the 8 position relafive to the
primary amino group or the concomitant use of such amino compounds having a hy-
droxyl group in the B posifion relative to the primary amino group has been dispensed
with entirely.

The polymeric, ionic imidazolium compounds which can be obtained by the process of
the invention can have any anionic counterion; the anionic counterion does not neces-
sarily have to be a halide, e.g. a bromide; a halide anion or bromide anion can there-
fore be excluded if desired.

Novel polymeric, ionic imidazolium compounds can therefore be obtained by a process
according to the invention in which less than 50 mol% of the amino compounds used
are compounds having a hydroxyl group in the B position relative to the primary amino
group and no acid having a bromide anion is used as protic acid.

The number average molecular weight Mn of the polymeric, ionic imidazolium com-
pounds can, in a preferred embodiment, be greater than 500 g/mo, in particular greater
than 1000 g/mol, or even greater than 2000 g/mol and greater than 5000 g/mol.

Mn can also, for example, assume values in the range from 500 to 500 000 g/mol, in
particular from 500 to 50 000 g/mol.

The polydispersity (ratio of weight average molecular weight and number average mo-
lecular weight Mw/Mn) can have, for example, values of from 1.1 to 100, in particular
from 1.5 to 20.

The molecular weights can be determined by gel permeation chromatography; what
has been said above applies to the molecular weights determined in this way.

Preferred polymeric, ionic imidazolium compounds have cationic imidazolium polymers
having structural units of the formula IV
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R1 R2
R3

where R1, R2, R3 and R4 are as defined above, with the excepfion that R4 here Is an
(n-1)-valent organic radical which does not comprise a hydroxyl group in the R position
relative to the nitrogen atom of the imidazole ring

and the associated anions are not bromide.

Linear, polymeric, ionic imidazolium compounds which can be obtained by use of dia~
mines as amino compound preferably have cationic imidazollum polymers having
structural units of the formula V

where x is an integer, R1, R2 and R3 and R4 are as defined above, with the exception
that R4 here is an organic radical which does not comprise a hydroxyl group In the &
position relative to the nitrogen atom of the imidazole ring

and the associated anions are anions whose protic acid has a pK, of greater than 1. It
may be remarked here that the preparative process naturally gives polymers having
different chain lengths, so that the average value of x in the mixture obtained can have
any values and is usually not an integer.

The polymeric, ionic imidazolium compounds of the invention comprise the cationic
imidazolium polymer and the counteranion. The cationic imidazolium polymer com-
prises, in a preferred embodiment, more than 60% by weight, in particular more than
80% by weight and. particularly preferably more than 90 or more than 95% by weight, of
structural units of the above formulae |V or V.

The structural formulae of the cationic imidazolium polymer are shown schematically
below for some ionic imidazolium compounds according to the invention:

a) polymer derived from formaldehyde, glyoxal and butanediamine
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b)  polymer derived from formaldehyde, glyoxal and triaminoethylenamine
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c)  polymer derived from formaldehyde, giyoxal and polyvinylamine
10

S N

& @
\)\/\/k/

_ The polymeric, ionic imidazolium compounds are suitable for any applications in which
ionic polymers are used. In particular, they are suitable, for example, as dispersants for -
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inorganic or organic particles, in particular for dispersing these particles in aqueous
systems. ' :

Examples 1t0 9

The procedure for examples 1 and 2 is described in the table. The preparation of the
polymers in examples 3 to 9 was carmied out according to the preparative method in
example 2,



Table 1 with examples 110 9

Abbreviations:

RT: Room temperature, about 21°C; P: Product

Example 1

0

N

H H
tmol (36.5%
strength in water)

O O
H “
H

1mol (40% strength
In H20)

1mol of formalin, 1mof of
glyoxal and 1mol of glacial
acetic acid are placed ina
reaction vessel. 1mol of
1.4-butanediamine (melted
by means of a hairdryer,
m.p.25-28°C) are added
dropwise at RT (exother-
mic, icebath cooling).
Mixture is stirred overnight
atRT.

The black-brown mixture is
evaporated on a rotary
evaporator at a maximum of
70°C (1mbar) (foams,
codistilled with
EtOH/toluene), product P1:
dark brown rubber).

According fo H-and

C-NMR:
(P1 dissolved in H20

for 8 h af 80°C, about |

2% strength solution)

8l

61919 dd



Example 2

0

A

H H
1mol (36.5%
strength)

X,

imot (40% strength
in H20)

1mol of formalin, 1mol of
glyoxal and 1mol of glacial
acetic acld are placed in a
reaction vessel, 1mol of
1,4-butanediamine (melted
by means of a hairdiyer,
m.p. 25-28°C) is added
dropwise at RT (exother-
mic, icebath cooling).
Mixture is stirred overnight
at RT.

The black-brown mixture
(rubber-like) is transferred
with H20 into a single-neck
flask.

6}

61919 dd



Example 3

N
HzN/\N\/ H,

1motl

O

L

H H
1mol (36.5%
strength)

H H
1mol (40% strength
in H20)

P3 black-brown viscous
rubber-like oll

V4

61919 dd



Example 4 | pu >SN )O]\ P4: black-brown viscous | + s
o O~
1mol H H rubber-like oil S a
1mol (36.5%
strength)
O O

o,

Tmol (40% strength
in H20)

¥4

61919 dd



Example §

O

J

H H
1mol {36.5%
strength)

QO 0
H H

1mol {(40% strength
in H20)

O

y OH
o]
0.5 mol

P5: dark brown, partly
solid, parily viscous oil

61919 dd



Example 6

P
1mol

O

P

H H
1mol {36.5%
strength)

0O 0
H "H

1mol {(40% strength
in H20)

P86: dark brown, partly
solid, parily viscous oil

. €2

61919 Ad



Example 7 NS O P7: dark brown viscous oil
i /U\ "[-N&N"\-/\/}/*
1mol H H \—/ n
1mol {36.5% -
{ o Aro
strength) o
0] O

H H
1mol {40% strength
in H20)

144

61919 dd



O 0
H "H

1mdl {40% strength
in H20)

AH/O
0O
imol

| Exaniple 8 HzN/\/\/NHz Jol\ PB; dark brown "rubber” | +N&N+ ’\/\4/*
1mol H™ "H =/ n
1mol (36.5% )\ﬂ/
strength) o)

gz.

61919 dd



Example 9 N Jo‘\ P9: dark brown viscous ol | v+ A
N\) H H
St 3 mol (36.5% ‘J«l = .
N strength) N Sl W g
4mol L e
v
O O ﬁ~-N o}
37 LA
H™ My oo

3 mol (40% strength
in H20)

O
)’\O

9 mol

74

61918 Ad
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Claims

1.

A process for preparing polymeric, ionic compounds comprising imidazolium groups
(polymeric, ionic imidazolium compounds for short), wherein

- an a~dicarbonyl compound,

- an aldehyde

- at least one amino compound having at least two primary amino groups.
and a
- protic acid are reacted with one another.

The process according to claim 1, wherein the compounds employed in the process
further comprise an amino compound having only one primary amino group.

The process according fo claim 1 or claim 2, wherein the carbonyl groups of the o~
dicarbonyl compound and of the aldehyde are present as hemiacetal, acetal or hemiketal
or ketal,

The process according o any one of the preceding claims, wherein the a-dicarbonyl
compound is a compound of the formula |

R1-CO-CO-R2
where R1 and R2 are each, independently of one another, an H atom or an organic

radical having from 1 to 20 carbon atoms.

The process according to any one of the preceding claims, wherein the a-dicarbonyl
compound is glyoxal.

The process according to any one of the preceding claims, wherein the aldehyde is an
aldehyde of the formula Il
R3-CHO

where R3 is an H atom or an organic radical having from 1 to 20 carbon atoms.

The process according to any one of the preceding claims, wherein the aldehyde is
formaldehyde.

The process according to any one of the preceding claims, wherein the amino compound
is a compound of the formula 1.
(NH2-), R4
where n is an integer greater than or equal to 2 and R4 is any n-valent organic
radical.

The process according to any one of the preceding claims, wherein the amino compound
is an aliphatic or aromatic diamine or triamine.
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The process according to any one of the preceding claims, wherein the amino compound
is a C2-C20-alkylenediamine.

The process according to any one of the preceding claims, wherein a mixture of different
amino compounds is used as amino compound.

The process according to any one of the preceding claims, wherein the protic acid is an
acid of the formula Y™ (H")m, where m is an integer.

The process according to claim 12, wherein m is an integer from 1 to 4.

The process according to any one of the preceding claims, wherein the protic acid is an
acid with a pK, greater than 1.

The process according to any one of the preceding claims, wherein the protic acid is a
carboxylic acid, sulfonic acid, phosphoric acid or phosphonic acid, where the acid groups
of the sulfonic acid, phosphoric acid or phosphonic acid can be partially esterified.

The process according to any one of the preceding claims, wherein the protic acid is
acetic acid.

The process according to any one of the preceding claims, wherein the process is carried
out in water, in a water-miscible solvent or a mixture thereof.



